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The present invention relates to heterocyclic derivatives having pharmaceutical 
activity, to processes for preparing such derivatives, to pharmaceutical compositions 
5 comprising such derivatives and to the use of such derivatives as active therapeutic agents. 

Phaimaceutically active piperidme derivatives are disclosed in WOOl/87839, EP-Al - 
1013276, WOOO/08013, W099/38514, WO99/04794, WOOO/76511, WOOO/76512, 
WOOO/76513, WOOO/76514, WOOO/76972 and US 2002/0094989, 

Chemokines are chemotactic cytokines that are released by a wide variety of cells to 
10 attract macrophages, T cells, eosinophils, basophils and neutrophils to sites of inflammation 
and also play a role in the maturation of cells of the immune system. Chemokines play an 
important r61e in immune and inflamniatory responses in various diseases and disorders, 
including asthma and allergic diseases, as well as autoimmune pathologies such as rheumatoid 
arthritis and atherosclerosis. These small secreted molecules are a growing superfamily of 8- 
15 14 kDa proteins characterised by a conserved four cysteine motif The chemokine 

superfamily can be divided into two main groups exhibiting characteristic structural motifs, 
the Cys-X-Cys (C-X-C, or a) and Cys-Cys (C-C, or p) families. These are distinguished on 
the basis of a single amino acid insertion between the NH-proximal pair of cysteine residues 
and sequence similarity. 
20 The C-X-C chemokines include several potent chemoattractants and activators of 

neutrophils such as interleukin-8 (IL-8) and neutrophil-activating peptide 2 (NAP-2), 

The C-C chemokines include potent chemoattractants of monocytes and lymphocytes 
but not neutrophils such as hiunan monocyte chemotactic proteins 1-3 (MCP-1 , MCP-2 and 
MCP-3), RANTES (Regulated on Activation, Normal T Expressed and Secreted), eotaxin and 
25 the macrophage inflammatory proteins la and I p (MlP-la and MIP-1 P). 

Studies have demonstrated that the actions of the ch^iokines are mediated by 
subfamQies of G protein-^upled receptors, among which are the receptors designated CCRl , 
CCR2, CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCRIO, 
CXCRl , CXCR2, CXCR3 and CXCR4. These receptors represent good targets for drag 
30 development since agents which modulate these receptors would be useful in the treatment of 
disorders and diseases such as those mentioned above. 
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The CCRS receptor is expressed on T-Iymphocytes» monocytes, msicrpphages, 
dendritic cells, microglia and other cell types. These detect and respond to several 
chemokines, principally '"regulated on activation nomial T-cell expressed and secreted'^ 
(RANTBS), macrophage inflammatory proteins (MIP) MDP-la and MIP*ip and monocyte 
chemoattractant protein-2 (MCP-2). 

This results in the recruitment of cells of the immune system to sites of disease. In 
many diseases it is the cells expressing CCRS which contribute, directly or indirectly, to tissue 
damage. Consequently, inhibiting the recruitment of these cells is beneficial in a wide range 
of diseases. 

CCRS is also a co-receptor for HIV-1 and other viruses, allowing these viruses to enter 
cells. Blocking the receptor with a CCRS antagonist or inducing receptor intemalisation with 
a CCRS agonist protects cells from viral infection. 

The present invention provides a compound of formula (1): 



wherein: 

A is absent or is (CH2)2; 

R* is Ci-g alkyl, C(0)NR^^", C(0)2R^^ NR>^C(0)R^^ NR^^C(0)NR'^", NR^«C(0)2R^^ 
heterocyclyl (for example piperidine, piperazine, pyrrolidine or azetidine), aiyl or heteroaryl; 
R*^ R*^ R'^ and R'*^ are hydrogen or Ci^ alkyl; 

R'^ R^^ and R^' are Cj^ alkyl (optionally substituted by halo, hydroxy, Ci-6 alkoxy, 
Ci^ haloalkoxy, Ca^ cycloallqrl (optionally substituted by halo), C5-6 cycloalkenyl, S(Cm 
alkyl), S(OXCm alkyl), S(0)2(Cm alkjd), heteroaryl, aiyl, heteroaiyloxy or aryloxy), aryl, 
heteroaryl, C3-7 cycloalkjd (optionally substituted by halo or C1-4 alkyl), C^j cycloall^l fused 
to a phenyl ring, Cs-7 cycloalkrayl, or, heterocyclyl (itself optionally substituted by 0x0, 
C(0)(Cmi alkyl), S(0)k(Ci-6 alkyl), halo or Cm alkyl); or R", R^^ R'^ and R^^ can also be 
hydrogen; 

or R*^ and R* \ and/or R** and R" may join to form a 4-, 5- or 6-membered ring which 
optionally includes a nitrogra, oxygen or sulphur atom, said ring being optionally substituted 
by Ci-6 alkyl, S(0),(Cm alkyl) or C(OXC,^ alkyl); 
R^ Ci.6 alkyl, phenyl, heteroaryl or C3.7 cycloall^l; 
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R^HorCMaUgrl; 
R** is aiyi or heteroaiyl; 
XisOorS(0)p; 

m and n are, independently, 0, 1 , 2 or 3, provided m + n is 1 or more, and provided diat when 
5 X is O thai m and n are not both 1; 

unless specified odiorwise aryl, phenjd and heteroaiyl moieties are independently optionally 
substituted by one or more of halo, cyano, nitro, hydroxy, OC(0)NR^*^^', NR^R^^, 
m}*C(p)K^, NR2«C(0)NR"r2«, S(0)2NR"r'°. NR3'S(0)2R". C(0)NR3^34^ ^q^^36 
NR^COaR'*, S(0)qR^'. C,^ alkyl, Cz^ aDcenyl, Cj-e alkynyl, Cj-io cycloalkyl, Ci^ haloallcyl, 

10 Ci^ alkoxy(Cw)alkyI, Ci^ alkoxy, Ci^ haloalkoxy, phenyl, phenyl(CM)alkyl, phenoxy, 
phenylthio, phen>dS(0), phenylS(0)2, phenyl(CM)aIkoxy, heteroaryl, heteroaryl(CM)alkyl, 
heteroaij^oxy or heteroaryl(CM)alkoxy; wherein any of die immediately foregoing phenyl and 
heteroaryl moieties are optionally substituted with halo, hydroxy, nitro, S(C,^ allqrl), S(0)(Cj. 
4 aikyl), S(0)2(Cm alkyl), S(0)2NH2, S(0)2NH(Ci^ alkyl), S(0)2N(Cm a]kyl)2, cyano, Cm 

15 alkyl. Cm alkoxy, C(0)NH2, C(0)NH(Cm alkyl), C(0)N(Cj4 alkyl)2, CO2H, C02(Cm alkyl), 
NHC(0)(Cm alkyl). NHS(0)2(Cm alkyl), CF3 or OCF3; 

unless otherwise stated heterocyclyl is optionally substituted by Ci^; alkyl [optionally 

substituted by phenyl {which itself optionally substituted by halo. Cm alkyl. Cm alkoxy, 

cyano, nitro, CF3, OCF3, (Cm aIkyl)C(0)NH, SCOzNHj, Cm alkylttiio, S(0)(Cm alkyl) or 

20 S(0)2(Cm allq^l)} or heteroaryl {which itself optionally substituted by halo. Cm alkyl. Cm 

alkoxy, cyano, nitro. CF3, (Cm alkyl)C(0)NH. S(0)2NH2, Cm alkylthio. S(0)(Cm alkyl) or 

S(0)2(Cm alkyl)}], phenyl {optionally substituted by halo. Cm alkyl. Cm alkoxy. cysao, 

nitro, CF3. OCF3, (Cm alk5d)C(0)NH, S(0)2NH2, Cm alkylthio, S(0)(Cm alkyl) or S(0)2(Ci- 

4 aikyV)}, heteroaryl {optionally substituted by halo, Cm alkyl. Cm allraxy, cyano, nitro, CF3, 

25 (Cm alkyl)C(0)NH. S(0)2NH2. Cm alkylthio, S(0)(Cm alkyl) or S(0)2(Cm alkyl)}. 

j S(0)2NR'«^'»', C(0)R^^ C(0)2(Cm alkyl) (such as ^-butoxycaibonyl). C(0)2(phenyl(C,.2 

■ alkyl)) (such as benzyloxycarbonyl). C(0)NHR'*^ S(0)2R'", NHS(0)2^IHR'*^ NHC(0)R''*, 

^ -.• * NHC(0)NHR'*^orl«^S(0)2R'•^ provided none ofAese last fijursubstituente is linked to a 

...t ring nitrogen; 

- Ill* ^' ^» P 3nd q are. independently, 0, 1 or 2; 

j^2D ^22^ ^2A^ j^26 ^27 j^29^ j^3.^ ^33^ j^37 ^ j^4o independently, hydrogen or CMalkyl; 

R^', R^, R^', R» R», R» R>», r36 r3S^ r39^ r4I r42 ^43 r44 r45^ ^46 ^47 g^d R^ ai*. 

independently, Ci^ aUc/I (optionally substituted by halo, hydroxy. C w alkoxy, Ci^ 
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haloaOcoxy, Ca^ cycloalkji, Cs< cycloalkraiji, S(Ci-4 alkyi), S(OXCm allqd), S(0)2(Cm 
alkjd), hetoroarjd, phenyl, heteroaijloxy or pheayloxy), C3.7 cycloallQrl, phenyl or heteioaijd; 
wherein ai^ of the immediatBly foregoing phenyl and heteroai^ moieties are optionally 
substituted with halo, hydroxy, nitro, S(Cm alkyl), S(0)(Cm alkyl), S(0)2(Cm alkyl), 
S(0)2NH2, S(0)2NH(Cm alkyl), S(0)2N(C,^ alkyl)2, cyano, C,^ alkyl. Cm alkoxy, C(0)NH2, 
C(0)NH(Cm alkyl), C(0)N(Cm alkyl)2, CO2H, C02(Cm alkyl), NHC(0)(Ciw» alkyl), 
NHS(0)2(Cm alkyl), C(0)(Cm alkyl), CF3 or OCF3; 

K", R^, R«, R^«, R^ R'^ R« R^', R«, R«, R^, R«. R^ and R^' may additionaUy be 
hydrogen; 

or a pharmaceutically acceptable salt thereof or a solvate thereof. 

Certain compounds of the present uivention can exist in different isomeric forms (such 
as enantiomers, diastereomers, geometric isomers or tautomers). The present invention covers 
all such isomers and mixtures thereof in all proportions. 

Suitable salts include acid addition salts such as a hydrochloride, hydrobromide, 
phosphate, acetate, fumarate, maleate, tartrate, citrate, oxalate, metbanesulphonate orp- 
toluenesulphonate. 

The compoimds of the invention may exist as solvates (such as hydrates) and the 
present invention covers all such solvates. 

Alkyl groups and moieties are straight or branched chain and, for example, comprise 
one to six (such as one to four) carbon atoms. Alkyl is, for example, methyl, ethyl, n-propyl, 
iso-propyl, n-butyl, sec-butyl or tat-butyl. Methyl is sometimes abbreviated to Me 
hereinbelow. 

Fluoroalkyl includes, for example, one to six, such as one to three, fluorine atoms, and 
comprises, for example, a CF3 group, Fluoroalkyl is, for example, CF3 or CH2CF3. 

Cycloalkyl is, for example, cyclopropyl, cyclopentyl or cyclohexyl. 

Heterocyclyl is, for example, piperidine, piperazine, pyrrolidine^ azetidine, 
tetrahydrofbran, morpholine or tibiomorpholine. 

Aryl mcludes phenyl and naphthyl. la one aspect of the invention aryl is phenyl. 

Heteroaryl is, for example, an aromatic S or 6 membered ring, optionally fused to one 
or more other rings, comprising at least one heteroatom selected from the groiip comprising 
nitrogen, oxygen and sulphur; or an N-oxide thereof, or an S-oxide or S-dioxide thereof. 
Heteroaryl is, for example, iuryl, tUenyl (also known as thiophenyl), pyrrolyl, thiazolyl, 
isothiazolyUpyrazolyl, oxazolyl, isoxazolyl, imidazolyl, [l,2,4]-triazolyI,pyridinyl, 
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pyrimidmyU pyrazinyl, indolyU benzo[b]fiiiyl (also known as benzfiuyl), benz[b]tfaienyl (also 
known as benzthienyl or benzOucyph^ylX indazoly]» brazimidazolyl, benztriazolyl, 
benzoxazolyl, beozttiiazolyl, 1 ,2,3-benzotfaiadiazol34, an tmidazopyridinyl (such as 
imidazo[l,2a]pyridinyl), thieno[3,2-b]pyridin-6-yl, 1 A3-ben2oxadiazolyl (also known as 
benzo[l,2,3]thiadiazolyl), 2,13-benzofhiadiazolyl, benzofijiazan (also known as 2,1,3- 
benzoxadiazoljdi), quinoxalinj*, a pyrazolopyridine (for example lH.pyrazolo[3,4. 
b]pyridinyl), quinolin}d» isoquinolinyl, a n^hthyridinyl (for example (l,6]naphthyridinyl or 
[1 ,8]naphtfkyridinyl), a benzofhiazm>4 or dibenzothiophenyl (also known as dibenzothienyl); 
or an N-oxide thereof, or an S-oxide or S-dioxide thereof. 
Aryloxy includes phenoxy. 

Heteroaryloxy includes pyridinyloxy and pyrimidinyloxy. 

Phenyl(CM alkyl)alkyl is, for example, benzyl, l-(phenyl)eth-l-yl or l-(phenyl)eth-2- 

HeteroaryI(CM alkyl)alkyl is, for example, pyridinylmethyl, pyrimidinylmethyl or 1- 
(pyridinyl)eth-2-yl. 

Phenyl(CM alkoxy) is, for example, benzyloxy orphenylCH(CH3)0. 

HeteroaryI(Ci^ alkoxy) is, for example, pyridinylCH20, pyrimidinylCHiO or 
pyridinylCH(CH3)0. 

In one particular aspect the present invention provides a compound of formula (I) 
wherein, unless specified otherwise aiyl, phenyl and heteroaryl moieties are independently 
optionally substituted by one or more of halo, hydroxy, nitro, S(C|.6 alkyl), S(0)(Ci^ alkyl), 
S(0)2(Ci^ alkyl), S(0)2NH2, S(0)2NH(Cm alkyl), S(0)2N(Ci.6 alkyl)2, cyano, C,.6 alkyl, C,^ 
alkoxy, NH2, NH(Ci^ alkyl), N(Cm alkyl)2, C(0)NH2, C(0)NH(Ci^ alkyl), C(0)N(Ci^ 
alkyl)2, C(0)[N-linked heteiocyclyl], CO2H, C02(C|^; alkyl), NHC(0)(Ci^ alkyl), 
NHC(0)0(C,^ alkyl), NHS(0)2(C,.6 alkyl), CF3, CHF2, CH2F, CH2CF3, OCF3, phenyl, 
heteroaryl, phenyl(CM alkyl), heteroaryl(CM alkyl), NHC(0)phenyl, NHC(0)heteroaryl, 
NHC(0)(Ci^ alkyl)phenyl, NHC(0)(Cm alkyl)heteroaryl, NHS(0)2phenyl, 
NHS(0)2heteroaryl, NHS(0)2(Cm alkyl)phenyl, NHS(0)2(Cm alkyl)heteroaiyl, 
NHC(0)NH(C,^ alkyl), NHC(0)NH(C3.7 cycloalkyl), NHC(0)NHpheny!, 
NHC(0)NHheteroaryl, NHC(0)NH(Cm alkyl)phenyi or NHC(0)NH(Ci^ alkyl)heteroaiyl; 
wherein the foregoing phenyl and heteroaryl groups are optionally substituted by halo, 
hydroxy, nitro, S(Ct^ alkyl). S(0)(Cm alkyl), S(0)2(Cm alkyl). S(0)2NH2, S(0)2NH(C w 
alkyl), S(0)2N(Cm alkyl)2, cyano. Cm alkyl. Cm alkoxy, C(0)NH2, C(0)NH(Cm alkyl). 
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C(0)N(Ci^ alkyl)2. CO2H, CQ2(Cm alkyl), NHC(0)(Cm alkyl), NHS(0)2(Ci^ alkyl), CF3 or 
OCF3. 

In another aspect the present invastion provides a compoimd of formula wherein, 
unless specified otherwise aryl, phenyl and heteroaryl moieties are indep^identiy optionally 
5 substituted by one or more of halo, hydroxy, nitro, S(Ci-4 alkyl), S(OXCm alkyl), S(0)2(Ciui 
alkyl), S(0)2NH2, S(0)2NH(Ci^ alkyl), S(0)2N(Cm alkyl)2, cyano. Cm alkyl. Cm alkoxy, 
C(0)NH2, C(0)NH(Ci^ alkyl), CO2H, C02(Cm alkyl), NHC(0)(Cm alkyl), NHS(0)2(Cm 
alkyl), CF3, CHF2, CH2F, CH2CF3 or OCF3. 

In a fiirdier aspect of the invention heteroaryl is pyrrolyl, thienyl, imidazolyl, fliiazolyl, 
1 0 isoxazolyl, pyridinyl, pyrimidinyl, pyrazinyl or quinolinyl. 

In another aspect of the invention R", R*^ R** and R^* are hydrogen or Cm alkyl 
(for example methyl). In yet another aspect R^°, R", R*^, R*^ and R^^ are hydrogen. 

In a further aspect of the invention R", R^^, R*"*, R^^, R^* and R*^ are Ci^ alkyl 
(optionally substituted by halo, Ci^ alkoxy, Ci-6 haloalkoxy, Ca^ cycloalkyl (optionally 
15 substituted by halo), Cs^ cycloalkenyl, S(0)2(Cm alkyl), heteroaryl, phenyl, heteroaryloxy or 
aryloxy), phenyl, heteroaryl, C3.7 cycloalkyl (optionally substituted by halo or Cm alkyl), 
cycloalkyl fused to a phenyl ring, C5-7 cycloalkenyl, or, heterocyclyl (itself optionally 
substituted by 0x0, C(0)(Ci.6 alkyl), S(0)k(CM alkyl), halo or Cm alkyl); k is 0, 1 or 2; or r" 
and R^ ^ and/or R*^ and R*^ may join to form a 4-, 5- or 6-membered ring which optionally 
20 includes a nitrogen, oxygen or sulphur atom, said ring being optionally substituted by Cm 
alkyl or C(0)(Ci.6 alkyl). 

In yet another aspect of the invention R'\ R'^ R^"*, R^^ and R*^ are Cm alkyl 
(optionally substituted by halo (such as fluoro)), phenyl (optionally substituted as recited 
above), Cs^ cycloalkyl (optionally substituted by halo (such as fluoro)) or C-linked nitrogen 
' : 25 containing heterocyclyl (optionally substituted on the ring nitrogen). 
: In another aspect of the invention R^ is NR'^C(0)R^'*, wherein R*^ and R^^ are as 

• defined above. 

- In yet another aspect of the invention R'^ is Cm alkyl (optionally substituted by halo 

--'r (such as fluoro, for example to form CF3CH2)), phenyl (optionally substituted as recited 

30 above), €3^ cycloallQrl (optionally substituted by halo (such as fluoro, for example to form 
* ; *- ' 1 ,1 -difluorocyclohex-4-yl)) or C-linked nitrogen containing heterocyclyl (such as pyran or 

*. piperidine, optionally substituted on the ring nitrogen). 
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In a fiuther aq>ect of the invraition heterocycljl is optionally substituted (such as 
singly substituted for example on a ring nitrogen atom when present) by Cm alkjl [optionally 
substituted by phenyl {which itself optionaUy substituted by halo, alkyl. Cm alkoxy, 
cyano, nitro. CF3, OCF3, (Cm alkyI)C(0)NH, S(0)2NH2, Cm alkylthio or S(0)2(Cm alkyl)} 
5 or heteroaiyl {which itself «>ptionaUy substituted by halo. Cm alkji. Cm alkoxy, cyano, nitro. 
CF3. (Cm alkyl)C(0)NH, S(0)2NH2. Cm alkylthio or S(0)2(Cm alkyl)}], phenjd {optionally 
substituted by halo. Cm alkyl. Cm alkoxy, cyano, nitro, CF3. OCFs. (Cm aIkyl)C(0)NH. 
S(0)2NH2, Cm alkylfliio or S(0)2(Cm alkyl)}, heteroaiyl {qptionaUy substituted by halo. Cm 
alkyl. Cm alkoxy, cyano, nitix>, CF3, (Cm alkyl)C(0)NH, S(0)2NH2, Cm alkyllhio or 
10 S(0)2(Cm alkyl)}, S(0)2NR'«'R*'. C(0)R« C(0)NHR« or S(0)2R*'; wherein R«, R'*^ R« 
R*' and R^ are, independmtiy, hydrogen or Cm alkyl. 

In yet another aspect of ttie invention R' is optionaUy substituted aiyl (such as 
optionaUy substituted phenyl) or optionally substituted heteroaryl, wherein the optional 
substituents are as recited above. 
15 to a further aspect of tiie invention R' is optionally substituted heterocyclyl, such as 

optionally substituted: piperidin-l-yl, piperidm-4-yi, pipeiazin-l-yl, pyrroUdin-l-yl, 
pynFoIidin-3>yl, azetidin-l-yl orazetidin-3-yl. 

In a still forther aspect of the invention the heterocyclyl of R' is mono-substituted by 
Cm alkyl, C3-7 cycloalkyl, phenyl {optionaUy substituted by halo (for example fluoro). Cm 
20 aUcyl (for example methyl). Cm aUcoxy (for example methoxy), CF3 or OCF3}, S(0)2(Cm 

aUcyl) (for example SiOhCH,, SiO^iCHiCHj or S(0)2CH(CH3)2), S(0)2(Cm fluoioaUcyl) (for 
example S(0)2CF3 or S(0)2CH2CF3), S(0)2phenyl {optionally substituted (such as mono- 
substituted) by halo (for example chloro), cyano, Cm aUcyl. Ci^ aUcoxy, CF3, OCF3, S(0)2(C,. 
4 alkyl) (for example S(0)2CH3 or S(0)2CH2CH2CH3) or S(0)2(Cm fluoroalkyl) (for example 
25 S(0)2CH2CF3)}, benzyl {optionally substituted by halo (for example chloro or fluoro), Cm 
aUcyl, Cm aUcoxy (for example metiioxy), CF3 or OCF3}, C(0)H. C(0)(Cm aUcyl), benzoyl 
{optionally substituted by halo (for example chloro or fluoro). Cm alkyl (for example 
metiiyl). Cm aUcoxy, CF3 or OCF3}. C(0)2(Cm aUcyl), C(0)NH2, C(0)NH(Cm aUcyl) or 
C(0)NHphenyl {optionally substituted by halo (for example fluoro), Cm aUcyl, Cm aUcoxy, 
30 CF3 or OCF3} . to a stiU further aspect when said heterocyclyl is a 4-substitiited piperidm-l -yl, 
a 1-substituted piperidin-4-yl, a 1-substitiited piperazin-l-yl, a 3-substimted pyrroUdin-l-yl, a 
1-substituted pynrolidin-3-yl, a 3-substituted azetidin-l-yl or a l-substituted azetidin-S-yl. 
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fii yet anoth^ aspect of fbe invention is phenyl or hetatoaiyl, either of which is 
optionally substituted by halo. Cm alkyl. Cm alkoxy, S(0)a(Ci^ alkyl), mtio» cyano or CF3; 
wherein n is 0, 1 or 2, for example 0 or 2. 

In a still fiirdier aspect is optionally substituted (for example unsubstituted or 
5 substituted in the 2-, 3-, or 3- and 5- positions) phenyl (such as optionally substituted by halo 
(such as chloro or fluoro), cyano, methyl, ethyl, methoxy, ethoxy or CF3), or optionally 
substituted (for example unsubstituted or mono-substituted) heteroaiyl (such as optionally 
substituted by halo (such as chloro or fluoro), cyano, methyl, ethyl, methoxy, eflioxy or CF3). 

Jn another aspect R^ is optionally substituted (for example unsubstituted or substituted 
10 in tfie 2-, 3-, or 3- and 5- positions) phenyl (such as optionally substituted by halo (for 

example chloro or fluoro)). For example is phenyl, 3-fluorophenyl, 3-chlorophenyl, 3,5- 
difluoTophenyl. 

Jn yet another aspect of the invention R^ is hydrogen or methyl. In a finther aspect of 
the invention when R^ is Cm alkyl (such as methyl) the carbon to which R^ is attached has the 
15 R absolute configuration. In yet another aspect of the invention R^ is hydrogen. 

In a still further aspect the present invention provides a compound of the invention 
wherein R^ is optionally substituted phenyl. 

In a still further aspect of the invention A is absent 
In another aspect X is O or S(0)2. In yet another aspect X is S(0)2. 
20 Iq a further aspect of the invention m is 2 and n is 0 or n is 2 and m is 0. 

In a still further aspect the present invention provides a compound of formula Qa): 




I "i wherein X is as defined above; Y is CH orN; R is as defined for optional substituents on 

\ i optionally substituted phenyl (above); and R*^ is mono-substituted by C j -6 alkyl, C3.7 

r 25 cycloalkyl, phenyl {optionally substituted by halo (for example fluoro). Cm alkyl (for 

example methyl). Cm alkoxy (for example methoxy), CF3 or OCF3}, S(0)2(Cm alkyl) (for 
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exanjple S(0)2CH3, S(0)2CH2CH3 or S(0)2CH(CH3)2), SCOHCm fluoroalkyl) (for example 
S(0)2CF3 or S(0>2CH2CF3), S(0)^henyl {optionaUy substituted (such as mono-substituted) 
by halo (for example chloro), ijyano. Cm alkyl» Cm alkoxy, CF3, OCF3, S(0)2(Cm alkyl) (for 
example S(0)2CH3 or S(0)2CH2CH2CH3) or S(0)2(Cm fluoroalkyl) (for example 
S(0)2CH2CF3)}, benz^ {optionally substhuted by halo (for &caaple cfaloio or fiuoio). Cm 
alkj4, Cm alkoxy (for example methoxy), CF3 or OCFj}, C(0)H, C(OXCm alkyl), benzoyl 
{optionally substituted by halo (for exan^Ie diloro or fluoro), Cm all^ (for example 
methyl). Cm alkoxy, CF3 or OCF3}, C(0)2(Cm allq^l), C(0)NH2, C(0)NH(Cm alkyl) or- 
C(0)NHphenyl {opticHiaUy substituted by halo (for example fluoro). Cm allqfl. Cm alkoxy. 
CF3orOCF3}. 

hi another aspect tiie prraent invention provides a compound of fonnula (lb): 




wherein X, Y, R** and R^* are as defined above. 

In yet another aspect the present invention provides a compound of fonnula (Ic): 



,1a 




\\*eiein X, Y, R** and R"** are as defined above. 

in a finrther aspect the present invention provides a compound of fonnula (Id): 



1 
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wherein R*? and R^* are as defined above. 

In a still further aspect the present invention provides a compound of formula (le): 



o=s. 




1*0 




wherein R^ and R^^ are as defined above. 

The compounds listed in Tables I to V illustrate Ae invention. 



blkt 



2003-02- 



24 



9. 



V3 



oo 



vo 



oo 



vo 



CN 

to 



o 
vo 



vo 



vo 

e2 



HI 
CO 




I 
t 



t 



i 



I 



i 



g, 



I 

CO 



1 



CO 



! 



O 



I 



I 



2. 

CO 



I 
t 

CO 



6 
4 



O 



1 

O 

I 



I 



4> 



I 



JO 



i 

JO 



t 



I 



5S 

i 



I 



03 



I 



I 



s 



I 



4> 



CM 



00 



liiff I nm iif iiiffiiimiiif 
2003 -02" 2 ^ 




2003 -02- 2 * 




Ink.tPstsitt'OCiirag.vefiBl 
2003 -02- 2 i 



CO 



CO 



I 

6 



{5 



I 



CO 



t 
I 



CO 



CN 



r 

1 

2 



100887-2 SE 



16 

Table V 

Table V comprises compounds of ffmnola (le) 
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Compound No. 






MS(MH+) 


1 


2-thienyl 


4-medianesuIphonyl 


610 


2 


S-thienjd 


4-methanesulphonyl 


610 


3 


phenyl 


4-methanesulphonyl 


604 


4 


phenyl 


4-fluoro 


544 


5 


5-chloro-2-thienyl 


4-meAanesulphonyl 


645 


6 


4-chloro-2-thienyl 


4-methanesulphonyI 


645 


7 


3 ,5-diilu(Hophenyl 


4-methanesulphonyl 


640 


8 


3,5-diflu(»ophenyl 


4-fluoro 


580 


9 


3,5-difluorophenyl 


hydrogen 


562 


10 


3,5-difluorophen34 


4-methoxy 


592 



In yet another aspect ihe invention provides each individual compound listed in the 
tables above. 



below. 



The compounds of fbnnula (J), (la), (lb), (fc), (W) and (le) can be piepaied as shown 



A compound of the invention wherein R' is an N-linked optionaUy substituted 
heterocycle can be prepared by reacting a conqjound of formula (11); 



'^^^-(CHa) -X— (CH2)„-R'' (H) 
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wherein R^ R^, R^ m, n, A and X are as defined above, with a compound R'h (wherein the H 
is on a heterocycle ring nitrogen atom) wherein R' is as defined above, in the presence of a 
suitable base (for example a tri(Ci4} alkyOamine such as triethylamine or Hunig-s base), in a 
suitable solvent (such as a chlorinated solvent, for example dichlozomethane) and, for 
example, at a room temperature (for example 10-30"C), optionaUy in the presence of sodium 
iodide. 

A compound of the invention, wherein R' is hydrogen, can be prepared by coiqiling a 
compound of fonnula (in): 

'O'— (CH2)~X— (CH2)„-R'* (III) 
wherein R**, m, n, A and X are as defined above, witfi a conqiound of formula (IV): 

wherein R' and are as defined above, in the presence of NaBH(OAc)3 (wherein Ac is 

C(0)CH3) in a suitable solvent (such as a chlorinated solvent, for example dichloromethane) 

at room temperature (for example 10-30°C), 

Alternatively, compounds of the invention can be prepared according to Schemes 1-7 
(below). 

Alternatively, compounds of the invention can be prepared by using or adapting 
methods described in WOOl/87839, EP-A1.1013276, WOOO/08013, W099/38514, 
WO99/04794, WOOO/76511. WOOO/76512, WCX)0/76513, WOOO/76514, WO00r76972 or 
US 2002/0094989. 

The starting materials for diese processes are either commerdaUy available or can be 
prepared by literature methods, adapting literature methods or by foUowing or adapting 
Methods herein described. 

In a still further aspect the invention provides processes for pr^wring the conq>ounds 
of formula (I), (la), (lb), (Ic), ad) and (le). Many of the inteimediates in the processes are 
novel and these are provided as ftrther features of die invention. 

The compounds of the invention have activity as pharmaceuticals, in particular as 
modulators (such as agonists, partial agonists, inverse agonists or antagonists) of chemokine 
receptor (especiaUy CCR5) activity, and may be used in the treatment of autoimmune. 
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inflammatory, proliferative or fayperproliferative diseasies, or immunologically^mediated 
diseases (including rejection of tran^lanted organs or tissues and Acquired 
Immunodeficient^ Syndrome (AIDS)). 

The compounds of the present invention are also <rf' value in inhibiting tiie aitry of 
5 viruses (such as human immunodeficiency virus (HTV)) into target caUs and. therefore, are of 
value in the prevention of infection by viruses (such as HIV), the teeatment of infection by 
vfruses (such as HIV) and the prevention and/or treatment of acquired immune deficiency 
syndrome (AIDS). 

According to a fiirther feature of the invention there is provided a compound of flie 
10 formula (D, (fa). (lb). (Ic), (Id) or (le), or a phannaceuticaUy acceptable salt thereof or a 

solvate thereof, for use in a mefliod of treatment of a warm blooded animal (such as man) by 
therapy (including prophylaxis). 

According to a Ibrther feature of the present invention there is provided a mefliod for 
modulating chemoldne receptor activity (especiaUy CCR5 iBcq)tor activity) in a warm 

15 blooded animal, such as man, in need ofsuoh treatment, which comprises administering to 
said animal an effective amount of a compound of the present invention, or a 
pharmaceutically acceptable salt tfia«of or a solvate ^reof 

The present mvention also provides the use of a compound of the formula (I), (la), 
(lb), (Ic), ad) or ae), or a pharmaceutically acceptable salt thereof or a solvate thereof, as a 

20 medicament, especially a medicament for flie treatment of transplant rejection, respiratory 
disease, psoriasis orrheumatoid arthritis (especially rheumatoid arthritis). [Respiratory 
disease is, for example, COPD, asthma {such as bronchial, allergic, intrinsic, extrinsic or dust 
asthma, particularly chronic or inveterate asthma (for example late asthma or airways hyper- 
rei5>onsiveness)} or rhinitis {acute, allergic, atrophic rhinitis or chronic rhinitis including 

25 riunitis caseosa, hypertrophic rhinitis, rhinitis punilenta, rhinitis sicca or rhinitis 

medicamentosa; membranous riiinitis including croupous, fibrinous or pseudomembranous 
riiinitis or scrofoulous rhinitis; seasonal rhinitis including rhinitis nervosa (hay fever) or 
vasomotor rhim'tis}; and is particularly asthma or rhinitis]. 

In another aspect the present invention provides the use of a compound of the formula 

30 (I), (la), (So), Qc), Cd) or (le), or a pharmaceutically acceptable salt thereof or a solvate 
thereof, in the manufacture of a medicament for use in therapy (for example modulating 
chemokine receptor activity (especially CCR5 receptor activity (especiaUy rheumatoid 
arthritis)) in a warm blooded animal, such as man). 
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The invention also provides a ccnnpound of the fimnula CD» 0^), (H)), (Ic), (W) or (le), 
or a pharmaceuticaUy acceptable salt thereof or a solvate thereof, for use as a medicament, 
espedally a medicament for tibe treatment of rfaemnatoid arttmtis. 

fa anoOier aspect the present tnventicm provides the use of a compound of the formula 
(I), (fa), Qb), (Ic), (W) or (Je), or a phannaceutically acceptable »ilt thereof or a solvate 
th«Bot in tiie manulacture of a medicament for use in therapy (for example modulating 
chemokine receptor activity (especially CCR5 recepun- activity (especially rheumatoid 
arthritis)) in a wann blooded animal, such as man). 

The invention forOier provides die use of a compound of fomiula (I), Ga), (lb). (Ic). 
(W) or (leX or a phannaceutically accepmble salt tiieieof, in tbs manufecture of a medicament 
for use in tile treatment of: 

(1) (flie respiratoiy tract) obstructive diseases of airwaj^ including: chronic obstructive 
puhnonaiy disease (COPD) (such as ineveisfole COPD); asduna {such as bronchial, 
allergic, intrinsic, extrinsic or dust astimia, particularly chronic or inveterate astiima (for 
example late asthma or akways hyper-responsiveness)}; bronchitis {such as eosmophilic 
bronchitis}; acute, allergic, atixiphic rhinitis or chronic rhmitis including rhinitis caseosa, 
hypiertiophic rhinitis, riiinitis puhilenta, iliinitis sicca or rhmiti's medicamentosa; 
membranous rhinitis including crot^Kius, fibrinous or pseudomembranous rhinitis or 
scrofoulous rhinitis; seasonal riiinitis including rhinitis nwvosa (hay fever) or vasomotor 
rhinitis; sarcoidosis; former's lung and related diseases; nasal polyposis; fibroid lung or 
idiopatiuc interstitial pneumonia; 

(2) (bone and joints) arflttides inctading rheumatic, infectious, autoimmune, seronegative 
spondyloartfaropadiies (sudi as antylosing spondylitis, psoriatic arthritis or Reiter's 
disease), Bdi9et*s disease, Sjogren's syndrome or systemic sclerosis; 

(3) (skin and eyes) psoriasis, atopic dermatitis, contact dermatitis or oflier ecamatous 
dermitides, sebtufaoetic dermatitis. Lichen planus, Phemphigus, bullous Phemphigus, 
^idennolysis bullosa, urticaria, angiodermas, vasculitides erytiiemas, cutaneous 
eosmophilias, uveitis. Alopecia areata or vernal conjunctivitis; 

(4) (gastromtestinal tract) Coeliac disease, proctitis, eosinophiUc gastro-enteritis, 
mastocytosis, Crohn's disease, ulcerative colitis, irritable bowel disease or food-related 
aUergies which have effects remote from tiie gut (for example migraine, riiinitis or 
eczona); 
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(5) (Allograft rgection) acute and chronic followii^ for exanq>Ie, transplantation of kidney, 
heart, liver, long, bone mairow, skm or cornea; or chronic graft versus host disease; 
and/or 

(6) (other tissues or diseases) Alzheimer^s disease, multiple sclerosis, atherosclerosis, 
Acquired Immunodeficiency Syndrome (AIDS), Lupus disorders (such as lupus 
erythematosus or systemic lupus), erythematosus, HasWmoto's thyroiditis, myasthenia 
gravis, type I diabetes, nephrotic syndrome, eosinophilia fascitis, hyper IgE syndrome, 
leprosy (such as lepromatous leprosy). Peridental disease, Sezary syndrome, idiopathic 
thrombo(^penia pupura w disorders of flie menstrual <^le; 

in a warm blooded animal, such as man. 

The i»esent invention further provides a method of treating a chemokine mediated 
disease state (espedaUy a CCR5 mediated disease state) m a wami blooded animal, such as 
man, which comprises administering to a mammal hi need of sudh treatment an effective 
amount of a compound of formula (I), Oa), (lb), (Ic). Gd) or (fe), or a pharmaceutically 
acceptable salt thereof or solvate thereof. 

In order to use a confound of the hivention, or a pharmaceuticaily acceptable salt 
thereof or solvate thereof, for the thenq)eutic treatnaent of a warm blooded animal, such as 
man, m particular modulating chemokine receptor (for example CCR5 receptor) activity, said 
mgredient is normaUy formulated in accordance witii standard pharmaceutical practice as a 
pharmaceutical compoation. 

Thereft>rB in another aspect tilie present invention provides a phaimaceutical 
composition which comprises a compound of the formula (I), (la), (lb), (Ic), (Id) or (le), or a 
pharmaceutically acceptable salt thereof or a solvate thereof (active ingredient), and a 
pharmaceutically accq>table ac^uvant, diluent or carrier. In a further aspect the present 
mvention provides a process fbr the preparation of said composition which comprises mixing 
active mgredient with a pharmaceutically acceptable adjuvant, diluent or carrier. Depending 
aa the mode of administration, the pharmaceutical composition will preferably comprise from 
0.05 to 99 %w (per cent by weight), more preferably from 0.05 to 80 %w, stiU more 
preferably from 0.10 to 70 %w, and even more preferably from 0.10 to 50 %w, of active 
mgredient, all percentages by weight being based on total composition. 

The pharmaceutical compositions of this invention may be administered in standard 
manner for the disease condition that it is desired to treat, for example by topical (such as to 
the lung and/or airways or to the skin), oral, rectal or parenteral administration. For these 
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purposes &e conqiounds of this invention may be fotmulated by means known in the art into 
the form of, for example, aerosols, dry powder formulations, tablets, capsules, syrups, 
powders, granules, aqueous or oily solutions or suspensions, Oipid) emulsions, dispersible 
powders, suppositories, ointments, creams, drops and sterile injectable aqueous or oily 
5 solutions or suspensions. 

A suitable pharmaceutical composition of this invention is one suitable for oral 
administration in unit dosage form, for exanq>le a tablet or capsule which contains between 
0. Img and Ig of active ingredient 

In anotiier aspect a pharmaceutical conq^osition of die invention is one suitable for 
1 0 intravenous, subcutaneous or intramuscular injection. 

Each patient may receive, for example, an intravenous, subcutaneous or intramuscular 
dose of O.Olmgkg"' to lOQmgJcg'* of flie conqjound, preferably m the range of O.lmgkg*^ to 
20mgkg'^ of this invention, the composition being administered 1 to 4 times per day. The 
intmvenous, subcutaneous and intramuscular dose may be given by means of a bolus 
1 5 injection. Alternatively the intravenous dose may be given by continuous iniusion over a 
period of time. Altmiatively each patient will receive a daily oral dose which is 
approximately equivalent to the daily parenteral dose, the composition being administered 1 to 
4 times per day. 

The following illustrate representative pharmaceutical dosage forms containing the 
20 compound of formula (I), (la), (lb), (Ic), (Id) or (le), or a pharmaceutically acceptable salt 
thereof or a solvent thereof (hereafter Compound X), for thempeutic or prophylactic use in 
humans: 
(a) 



Tablet I 


me^blet 


Compound X 


100 


Lactose Ph.Eur. 


179 


Croscannellose sodixun 


12.0 


Polyvinylpyrrolidone 


6 


Magnesium stearate 


3.0 



25 (b) 

I Tablet n 



ma/tablet 



100887-2 SE 

'nlLiralenl-ochrefl.vBl 

22 2uud -U2- 2 4 



wompouna A 


SO 


Lactose PhJEur. 


229 


Croscannellose sodium 


12.0 


Polyvinylpyrrolidone 


6 


Magnesium steamte 


3.0 


(c) 


Tablet m 


mp/tsiblet 


Compound X 


1.0 


Lactose Ph.Eur. 


92 


Croscannellose sodium 


4.0 


Polyvinyipyrrolldone 


2.0 


Magnesium stearate 


1.0 


(d) 


Caosule 


me/cansule 


Compound X 


10 


Lactose Ph.Eur, 


389 


Croscaimellose sodium 


100 


Magnesium stearate 


1.0 


(e) 


Iniecti^n l 


fSOmp/ml) 


Compound X 


5.0% w/v 


Isotonic aqueous solution 


to 100% 



Buffers, phannaceutically-acceptable cosolvents such as polyethylene glycol, 
polypropylene glycol, glycerol or ethanol or complexing agents such as hydroxy-propyl p- 
cyclodextrin may be used to aid formulation. 

The above formulations may be obtained by conventional procedures well known in 
the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phdiaiate. 
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The mvention wiD now be iUusbated by the foUowing non-Iimiting Examples in 
which, unless stated otherwise: 

(i) temperatures are given in d^rees Celsius (»Q; operations were earned out at room or 
ambient tempwature, that is, at a tonpoature in the range of 1 8-25«C; 

(ii) organic solutions were dried over anhydrous magnesium sul&te; evaporation of solvent 
was catried out usmg a rotary evaporator under reduced pressure (600-4000 Pascals; 4.5-30 
mm Hg) witti a bath tMnpcrature of up to W*C; 

Cm) chromatography unless otherwise statedmeans flash chromatography on silica gel; thin 
layer chromatography (TLC) was carried out on silica gel plates; where a "BondElut" column 
is referred to, this means a column containing lOg or 20g of siHca of 40 micron particle size, 
the silica being contained in a 60ml disposable syringe and supported by a porous disc, 
obtained from Varian, Harbor City, California, USA under the name ♦'Mega Bond Elut SP'. 
Where an "Isolute™ SCX column" is refened to, tfus means a cohunn containing 
benzenesulphonic acid (non-endcapped) obtained iiom Ihtemational Sorijent Technology Ltd.. 

1st House, DufMiIndustial Estate, YstiadMynach.Hengoed. Mid Glamorgan, UK^ Where ' 
"Argonaut™ PS-/>Ts.amine scavenger resin" is referred to, this means a tris-(2- 
aminoethyl)amine polystyrene resin obtained from Argonaut Technologies Inc., 887 Industrial 
Road, Suite G, San Carlos, CaUfomia, USA. 

(iv) in general, the course of reactions was followed by TLC and reaction times are given for 
illustration ordy; 

(v) yields, when given, are for illustration only and are not necessarily those which can be 
obtained by diligent process development; preparations were repeated if more material was 
xequiied; 

(vi) when given, 'h NMR data is quoted and is in the form of delta values for major 
diagnostic protons, given in parts per million (ppm) relative to tetramethylsilane (IMS) as an 
internal standard, detemiined at 300 MHz using perdeuterio DMSO (CD3SOCD3) as the 
solvent unless otherwise stated; coupling constants (J) are given in Hz; 

(vii) chemical symbols have their usual meanings; SI units and symbols are used; 

(viii) solvent ratios are given in percentage by volume; 

(ix) mass spectra (MS) were run with an electron energy of 70 electron volts in the chemical 
ionisation (APCI) mode using a direct exposure probe; where indicated ionisation was 
effected by electrospray (ES); where values for m/z are given, generally only ions which 
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indicate the parent mass are reported, and unless otherwise stated the mass ion quoted is the 
positive mass ion - (M+H)*; 

(x) LCMS characterisation was performed using a pair of Gilson 306 pumps with Qilson 233 
XL sampler and Waters ZMD4000 mass spectrometer. The LC comprised water symmetry 
4.6x50 cotamn C18 with 5 micron particle size. The eluents were: A, water with 0.05% 
formic acid and B, acetonitrile with 0.05% fimnic acid. The duent gradi«it went fiom 95% A 
to 95% B in 6 minutes. Where indicated ionisation was efifectcd by electrospiay (ES); where 
values for m/z are given, generaUy only ions which indicate the parent mass are reported, and 
unless otherwise stated the mass ion quoted is the positive mass ion - (M+H)*; 

(xi) PS-NCO resin is an isoc^wiate resm and is available fiom Argonaut; and, 

(xii) the following abbreviations are used: 
THF tetrahydrofuran; 
Boc iSEl-butoxycaibonyl 

Example 1 

This Example illustrates the preparation of N-(3-phenyi-3-[4- 
methanesulphonylpiperazin- 1 -yl]propyI)^[2-(4-methanesuIphonylphenylsulphonyl)ethyl]- 
pipraidine (Con^und No. 8, Table J). 



10 



20 




N-(3-Phenyl-3-chloropropyi)-4-[2-(4-methanesulphonylphenylsulphonyi)ethyl]- 
piperidine (prepared accourding to MethodD; ISOm^ was added to a solution of N- 
methanesulphonylpiperazine (61mg) and trietfaylamtne (0.102ml) in dichlorometfaane (lOml) 
and the mixture was aUowed to stand at room temperature for 16 hours. The reaction mixture 
was poured onto a 20g silica Bond Elut eluted with a solvent gradient (ethyl acetate- 25% 
25 mettianol/etfayl acetate). The tide ccui^ound was obtained, yield 67mg, MlT 61 2. NMR 
(CDClj): 1.6-1.8 (m, 7H) 2.2-2.6(m. 9H) 2.7(m, IH) 2.75 (s, 3H) 3.2 (m, UH) 3.45 (m, IH) 
7.2 (d, 2H) 7.3 (m, 3H) 8.2 (m, 4H). 
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Example 2 

This Example iUustiates the preparation of N-(3-phenyl-3-[I-meliianesulphonyl. 

piperidin^yl]propyl)^[2.(4-fluoiophenykulphonyI)eflij4]piperi^ 10 
5 Tablel). 



10 



15 



20 



o=s. 




Sodium triacetoxyboroMride (267 mg) was added to a iruxtme of 2K1. 
methanesuIphonyIpiperidin-4-yl>2-phenyipropionaldel^e (247 mg) and 4.(2-[4- 
fluoiophenylsulphon3d]ethyl)piperidine hydrochloride salt (288 mg) (CAS 313994-09-1) in 
dicWoromcthane (20 ml) and the mixture was stilled for 16 hours. Hie reaction mixture was 
washed successively with 2M sodium hydroxide (10 ml), water (10 ml) and brine (10 ml) and 
wasdried. Theresidueobtainedonremovalofthesolventwaschromatographedona20g 
sUica Bond Elut column eluting with a solvent gradient (ethyl acetale-20% methanoyethyl 
acetate) to give the title compound, yield250mg, Mir 551. NMR(CDCl3): 1.2(m.5H), 1 4 
(m, 4H). 1.6-1.8 (m. 8H). 2.0 (m, 3H). 2.4 (m, IH). 2.5-2.6 (m, 2H), 2.8 (s. 3H). 2.85 (m.' 2H) 
3.1 (m, 2H). 3.7 (d, 1 H). 3.85 (d. IH), 7.1 (m, 2H), 7.3 (m, 5H), 7.9 (m, 2H). 

Example 3 

This Example iUustiates the preparation of (S) N-(3-phenyl-3-(4-chIoK)benzoyl- 

amino]pr<^l-4-[2-(4HnethanesulphonylphenyIsulphonyl)ethylJpiperidine (Compound No 2 
Table IV). 
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4-Chl<Hrobenzo3d chloride (76|il) was addedto a solution of (S) N-C3-aimiio-3- 
pheny^pyl)-4-[2-<4-medianesii]phonyIphenyl8ulphon3i)etli3d]pi^ (280mg) and 
trielliylamme (157^) in dichlOTomediane (ISml) and lbs mixture was stirred for 1 hour then 
washed with watrar (ISml) and Iwine (15ml) and dried. Removal of flie solvent gave the title 
compound as a white solid, yield 320mg, MH* 602. NMR (d6 DMSO): 1.0 (m, 2H), 1 .2 (m, 
IH), 1.5 (m. 2H), 1.6 (m, 2H), 1.8 (m, 2H), 1.9 (m, 2H), 2.25 (m, 2H), 2.8 (m, 2H), 3.3 
(in,3H), 3.4 m, 2H), 5.0 (q, IH), 7.2 (m, IH), 7.3 (m,3H), 7.5 (d, 2H), 7.85 (d, 2H), 8.2 (m, 
4H), 8.9 (d, IH). 

{S)N<3-anuno-3-phenylpropyl>4-[2-(4-methanesuIphonylphenylsulphonyl)ethyl]piperidine 

Sodium triacetoxyborohydride (L6g) was added to a mixture of (S) 3-phen}d-3-(tert. 
butoxycarbon3damino)propionaldehyde (U3g) and 4-[2-<4-methanesulphonylphenyl- 
sulphonyI)ethyl]piperidine hydrochloride (1 .215g) (Method B) in dichloromethane (50ml) and 
the mixture was stirred for 16 hours. Thie reaction mixture was washed successively witfi 2M 
sodium hydroxide (15ml), water (15ml) and brine (15ml) and dried. The dichloromethane 
solution was stirred witfi PS-NCO (isocyanate resin, L5g) for 16 hours and filtered. The 
filtrate was chromatographed on a 50g silica Bond Elut cohmm eluting with ethyl acetate to 
give flie Boc protected title compound as a white solid, yield 1 .595g, MH^ 565. 

The Boc protected compound (1 .59g) was dissolved in 4M HCl/dioxane (10ml) and 
allowed to stand at room temperature for 1 hour. The reaction mixtuie was evaporated to 
dryness, redissolved in 2M sodium hydroxide (10ml) and extracted with dichloromethane 
(2x20ml) and dried. Removal of the solvent gave the title compound, yield 0.56g, MH*^ 465. 



(S) 3-phenyI-3-(tert-butoxycarbonylamino)propionaldehyde 
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Lithium aluminium hydride (19 ml of IM solution in THF) was added to a solution of 
(S) 3-phenyl-3-(tert-butoxycarbonylamino)propionic acid (5.01 g) in THF (SQml) at 0**C. The 
reaction mixture was stirred for 1 hour and ethyl acetate (20ml) was added followed by water 
(0.5ml), 6M sodium hydroxide (0.5ml) and water (5ml). The mixture was filtered through 
Celite and evaporated to dryness to give (S) 3-phCTyl-3-(tert-butoxycarbonylamino)piopanol, 
yield 2.89g. This material was dissolved in dichloromethane (4Qml) and Dess Martin 
periodinane (2. 1 2g) was added. The reaction mixture was stirred for 1 hour then washed with 
2Msodiumhydroxide(2x20ml)andbrine(10ml)anddrieA The dichloromethane solution 
was concentrated to a volume of about 20ml and used directly in the next stage. 

Example 4 

this Example illustrates the preparation of (R)-N-(3-phenyl-3-[3,5- 

difluorophen>i]propyl)-4-[2-<4-methanesulphonylphenylsulphon^^ 
(Compound No. 7, Table V). 




(/J)-3-(3,5-Difluorophenyl)-3-(4-methanesulfonylphenyl)propionaldehdye (0.357 g, 1.1 
mmol; Method E) was dissolved in dichloromethane (3 ml) at room temperature and 4-[2-(4- 
methanesulphonyIphenyl-sulphonyl)etbyl]piperidme hydrochloride (0.368 g, 1 mmol; Method 
B) was added as a single portion. After stirring for 0.5 h, sodium triacetoxyborohydride 
(0.21 1 g, 1 mmol) was added as a single portion and the reaction stirred for a further Ih. The 
mixture was then washed with saturated aqueous sodium hydrogen carbonate, the organics 
were separated and poured directly onto an SCX column. Eluting with methanol followed by 
20% 7 M ammonia in methanol gave the product (0.3 19 g, 50%) as a white solid. 
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NMR: (d6-DMSO): 1.05 (m. 2H), 1.15 (m, IH), 1.6 (m. 4H), 1.8 (br t, 2H), 2.2 (m. 
2H), 2.3 (m, 2H), 2.8 (br d. 2H), 3.4 (m. 6H). 3.5 (m, 2H). 4.3 (br t. IH), 7.1 (br t, IH), 7,2 (d, 
2H), 7.7 (d, 2H), 7.9 (d, 2H), 8.3 (m, 4H). 

LCMS: 640.2 (MH*). 

5 

This Example illustrates the fffeparation of (R or S) N-(3-[4- 

inethanesu^>honylpiperazinyl]0-phj»ylpropyi)-4-[2<4-fluorophenylsulphonyl^^ 
pqieridine [Compouiid 14, Table ID] 



10 




A solution of (R or S) N-(3-chIoro-3-phenylpropyI)-4-[2-(4-fluorophenylsulphonyl)- 
ethyl]-piperidine (Method F; 310 mg) in dichloromethane (6 ml) was added to N- 
methanesulphonyl-piperazine hydrochloride (1 50 mg) followed by triethylamine (3 1 3 jtl). 
The mixture was stirred for 48 hours, diluted with dichloromethane (5 ml) and MP-carbonate 

15 resin (1.34g), PS-isocyanate resin (682 mg) and PS-thiophenol resin (577 mg) were added. 
The mixture was stured for 5 hours, filtered and the resins were washed with 10% methanol in 
dichloromethane (2 X 25 ml). The combined filtrates were evaporated to dryness and the 
residue was passed through a 20g Isolute column eluted with a solvent gradient of elhyl 
acetate-10% metiianol/ethyl acetate to give die title compound, yield 81 mg. NMR: (ClXna): 

20 1.12-1.32 (m, 4H), 1.52-1.66 (m, 4H), 1.76-1.93 (m, 3H), 2.08 (m, IH). 2.21 (m, IH), 2.47- 
2.51 (m, 4H), 2.71 (s, 3H), 2.77-2.88 (m, 2H). 3.03-3.10 (m, 2H). 3.12-3.21 (m. 4H), 3.37 (m, 
IH), 7.14 (d. 2H). 7.15-7.32 (m, 5H), 7.88 (m, 2H); MS 552 (MH*). 

Method A 

25 (5)-3-Phenyi-3-(4-methanesulfon]4phenyl)propionaldehyde 
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Stsp 1: Preparation of (4i!, 55}-l-[(5)-3<4-mcthanesulfonyl-phenyl>3-phm 
dimethyl--S*phenyl-imidazolidin-2-one . 




MeO^S 



To a mixture of copper (I) iodide (960mg, S.OxnmoI) and THF (2QniL) was added 
iy;iV;A^',iV -tetramethylefhylenediamine (0.83n)L, 5.5mmol) and fbt resulting mixture was 
stirred at room tenqperature for lOmin. flicn cooled to -78**C. Phenylmagnesium bromide 
(S.OmL, IM in THF, S.Qmmol) was added and the resulting mixture stirred at -78*'C for 
ISmin. A solution of di-n-butylboron triflate (S.QmL, IM in diethyl ether, S.Qmmol) and (E)- 
(4iJ,5S)-l-(3-[4-methanesulfonylphenyl]acryioyl)-3,4-dimethyl-5-^^ 
(step 4 below), l.Og. 2.51mmol) in THF (ISmL) was added and the resulting mixture was 
stirred whilst allowing to warm to room temperature for 1 8h. The reaction mixtuie was 
washed with saturated aqueous ammonium chloride, water and brine, dried (MgS04) and 
evaporated. The residue was purified by eluting tibrougjh a 20g Bond Elut with gradient of 
isohexane to ethyl acetate giving the sub-titled compound (1.49g, 100%); NMR (CDCI3): 0.78 
(d. 3H), 2.82 (s, 3H), 3.00 (s, 3H), 3.78 (dd, IH), 3.80 (m, IH), 3.98 (dd, IH), 4.72 (m, IH), 
5.19 (d, IH), 6.99 (m, 2H), 7.22 (m, 8H). 7.48 (d, 2H), 7.79 (d, 2H); MS: 477 (MH+). 

Step 2: Preparation of (*S)-3-phenyl-3-(4-meflianesulphonylphenyI)propan-l-ol 

To a solution of (4/?, 55)-l-[(5)-3-(4-methanesulphonyI-phenyl)-3-phenyl-propionyl]- 
3,4-dimethyl-5-phenyl-imidazolidin-2.one (846mg, 1.78mmoI) in THF (20mL) at OX was 
added lithium aluminium hydride (3.6mL, IM in THF, 3.6mmol) and the resulting mixture 
was stirred for ISmin. The reaction was quenched by the addition of 2M aqueous sodium 
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hydroxide. The phases were separated and the crgiudc phase pie^s(nbed onto a Bond Ehit 
and eluted with a gradient of isohexaae to ethjd acetate giving fbs sub-titied compound as a 
white soUd (285nig, 55%); NMR (CDCl,): 1 .63 (br s, IH). 2.33 (m. 2H). 3.00 (s, 3H). 3.59 (t. 
2H), 4.28 (t. IH). 7.23 (m, 5H). 7.43 (d, 2H), 7.82 (d, 2H). 

Stqi 3: Preparation of the tide conq>oimd 

To a solution of (5)-3-phenyl-3-(4-niel3iane8ulfonylphenyI)piopan-l-oI (244mg, 
0.84nmiol) in DCM (5niL) was added Dess-Martin periodinane (392mg, 0.92mmol) and the 
resulting mixture was stirred at room temperature for 1 .5h. TTie mixture was washed with 2M 
aqueous sodium hydroxide (2 x lOmL), dried and evaporated to give the title compound. 

Step 4: Preparation ofE-(4R, 55)-l-(3-[4-Methanesulphonylphenyllaciyloyl)-3,4-dimethyl-5- 
phenyl-imidazolidin-2-one 

MeOjS 



To a stirred solution of 3-(4-mefhanesulphonyIphenyI)acryUc acid (7.14g, 31.5mmol) 
in DCM (lOmL) was added thionyl chloride (3mL, 34.7nunol) dropwise and the resulting 
mixture was stirred at room temperature for 18h. To this solution was added DIPEA (5.04mL, 
28.9mmol) dropwise at room temperature. The resulting solution was added to a stirred 
solution of (4/?, 55)-3,4-dimethyl.5.phenyl-imidazolidm-2-one (5.0g, 26,3mmol) in DCM 
(2QmL) and DIPEA (4.58mL, 26.9mmol) and the resulting mixture stirred at room 
temperature for 4h. The mixture was washed with water and brine, pre-absorbed onto a Bond 
Elut and eluted with a gradient of isohexane to ethyl acetate givmg the title compound as a 
soIid.(7.61 g, 73%); NMR (CDCl,): 0.84 (d, 3H). 2.89 (s. 3H), 3.04 (s. 3H). 3.98 (m, IH). 5.42 
(d. IH). 7.20 (m. 2H). 7.32 (m. 3H), 7.69 (d. IH), 7.74 (d. 2H). 7.93 (d, 2H). 8.31 (d, IH); 
MS:399(MH+). 

Method B 

4-[2-(4-M^hanesu]phoiqrIphenylsulphoi^)eth}4]piperidine 
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Step 1 Preparation of N-tert-butoxycarbonyi^[2-(4-me1hylthiqphCTylthio)ethj4]pipcri 




4-Methylthioben2enethiol (1.16g) was added to a suspension of sodium hydride 
(297mg of 60% dispersion in naineral oil) in DMF (20ml) at 0°C and stiiied at this 
temperature for 30 minutes. N-tert-butoxycarbonyl-4-[2-(4-toluenesulph<m54oxy)eth>4]- 
piperidine (CAS No. 89151-45-1) (2.84g) was added, the reaction mixture was allowed to 
warm to room temperature and was stinred for 16 hours. The reaction mfacture was evaporated 
to dryness and the residue obtained was dissolved in dichloromethane (30 ml) and the solution 
was washed with water (20 ml) and brine (20 ml) and dried. The residue obtained on removal 
of the solvent was chromatographed on a 50g silica Bond Elut column eluting with a solvent 
gradient of isoh^cane-50% etfiyl acctate/isohexane. Yield 2.5& MH* 268. 

Step 2 Preparation of N-tert-butoxycarbonyl-4.[2-(4-methylsuljphonylphenylsulphonyl)eth)«]- 
piperidine. 




m-Chloropetbaizoic add (5.64g) was added to a solution of N-tert-butoxycarbonyi-4- 
[2-(4-methylthiophenyltiiio)ethyl]piperidine (2, Ig) in dichlorometiiane (90 ml) at 0 "C. The 
reaction mixtiire was allowed to warm to room temperance and was stirred for 1 6 hours. The 
reaction mixture was washed with saturated aqueous sodium bicarbonate solution (20 ml), 
water (20 ml) and brine (20 ml) thai dried and evaporated to dryness. The product was 
chnnnatographed on a 50g siUca Bond Elut column eluting witfi a solvent gradient of 20% 
eflqd acetate/isohexane-cthyl acetate to give tiie product, yield l,82g, MHT 375,9. 

Step 3 Preparation of titie conqsound 
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Trifluoxoacetic axdiydride (5 ml) was added to a solution of N-teit-butoxycarbQiiyI-4- 
[2-(4-metiiyl5U^honyIphenylsuIphon}4)eth}1]piperi (L94g^ in dichloromefhane (20 ml) 
and was allowed to stand at room temperature for 1 hour. The reaction mixture was 
evaporated to dryness and the residue was dissolved in 2M sodium hydroxide (15 ml) and 
extracted with dichlorometibiane (3x20 ml). The combined dichloromethane extracts were 
dried and evaporated to dryness to give the tide compound, yield 1 3g, MH*'331.9. 

Method C 

3-Fhenyl-3-(N-methanesulphonylpip6ridin-4-yi)propionaIdehyde 




Step 1 Preparation of 4-benzoyl-l-methanesulphonylpip^dine 




Methanesulphonyl chloride was added to a stirred slurry of 4-benzoylpiperidine 
hydrochloride (4.5 Ig) and triethylamine (8.3Sml) in dichloromethane (100ml) at O^'C. The 
reaction mixture was allowed to warm to room tempmture and was stirred for 16 hours* The 
mixture was diluted with dichloromethane (50ml) and washed with ammonium chloride 
solution (2x25ml) and brine (25mlX dried and evaporated to dryness to give 4-benzoyl-l- 
methanesulphonylpiperidine as a white solid, yield 3.98g. NMR (CDCI3): 1-93 (m, 4H), 2.81 
(s, 3H), 2.98 (d-t, 2H), 3.40 (m. IH), 3.77 (m, 2H), 7.43 (t, 2H), 7.57 (t, IH), 7.89 (d, 2H). 



Step 2 Preparation of ethyl 3-phenyl-3-(N-me1faanesulphbnylpiperidin-4-yl)acrylate. 
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Lithium bis(trimcthylsilyl)amide (16.3inl of a IM solution in THF) was added 
dropwise to a solution of triethyiphosphonoacetate (2.93ml) in THF at CC under an argon 
atmosphrae and the mixture was stirred for 30 minutes. A sluny of 4-benzoyl-l- 
methanesulphonylpipeiidine (3.96g) in THF (30ml) was added, the reaction mixture was 
allowed to warm to room temperature and stirring was continued for 24 h<wrs. The reaction 
mixture was dUuted with dichloromethane (80ml) and water (80ml). The organic layer was 
washed with water and the c(»nbined aqueous extracts were in turn extracted wiA 
dichlorome^e (SQml). The combined dichloromethane rartracts w«e washed with brine 
(25m]). dried and e^orated to dryness. The residue was chromatographed on a 90g Biotage 
column eluted with a solvent gradient (30-5-% ethyl acetate/isohexane to give a less polar 
fraction (1 .62g) and a more polar fraction (0.53g). Both fractions (cis/trans isomers) were 
combined and used for the next step. 

Less polar NMR (CDCI3): 1.27 (t, 3H), 1.69 (m, 2H), 1.81 (d. 2H), 2.72 (s. 3H). 2.72 
(t, 2H), 3.81 (d, 2H), 3.88 (m, IH), 4.21 (q, 2H). 5.78 (s, IH), 7.1 1 (m. 2H). 7.27 (m, 3H). 

More polar NMR (CDCI3): 1.01 (t,3H), 1.56(m,2H), 1.85 (d, 2H), 2.31 (m. IH). 2.63 
(t. 2H). 2.74 (s, 3H). 3.83 (d, 2H). 3.92 (q. 3H). 5.82 (s. IH), 7.04 (d. 2H). 7J0 (m, 3H). 

Step 3 Preparation of ethyl 3-phehyl-3-(N-methanesulphonylpiperidin-4-yl)piopionate 



A solution of ethyl 3-phenyI-3-(N-methanesulphonylpiperidm.4-yl)acrylate (2.06g) in 
ethanol (30ml) was hydrogenated over 24 hours under a hydrogen filled balloon using 20% 
palladium hydroxide as catalyst. The reaction mixture was filtered through Celite and the 
filtrate evaporated to dryness. The product obtained was used for the nexX step without fortticr 
purification. MH*^340. 
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Step 4 3-Phenyl-3<N-metfaanesulphonylpiperidin-4-yl^pix)pan-l-6 




A solution of etfiyl 3-pheiqrl-3-(N-meflianesiilphonyIpiperidin-4-yl)propUmate (2^^ in 
THF (IQml) was added to a su5pensi<Hi of lithium ahumnium hydride ^2mg) in THF (2Qnil) 
at O'C under aigon over 30 minutes. The reaction mixture was allowed to waim to room 
temperature and stirred for 2 hours. Water (10ml) was added followed by magnesium 
sulphate (lOg). The reaction mixture was filtered and the filtrate evaporated to dryness to give 
the product as a white foam, yield l.57g. NMR(CDa3): 1.40(ni,4H), 1.57 (m, IH), 1.78 
(m. IH). 2.01 (m. 2H). 2.45 (m. 2H), Z58 (t, IH), 2.70 (m, 3H), 3.31 (m. IH), 3.42 (m, 1H)» 
3.67 (d. IH), 3.80 (d, IH), 7.04 (d, IH), 7.19 (t, IH), 7.29 (q. 2H). 

Steps Preparation ofthe tide confound 



Dess-Martin periodinane (739mg) was added to a stirred soluti(»i of 3-phen3d-3-(N- 



was continued for 2 hours. The reacticm mixture was diluted with dichloromediane (lOOmI) 
and washed witfi 2M sodium Iq^xide (2x50m0, brine (50mQ and dried. The product 
obtained on removal of the solvent was used in subsequent steps without purification. 




melfaanesulph(»iylpq>eridin-4-yl)propan-l-ol (454mg) in dicblorometiiane (8ml) and stirring 



MetfaodD 

N-(3-chloro-3-phenylpropjd)-4-(2-(4-niethanesulphonjdphenylsulphonyl)ethyl]-piperidine 



100887-2 SE 



35 



Ink. t Patent- odi iq^veriiet 
2003-02-2* 




o 



Triethjdanime (0.73 ml) was added to a solution of N-(3-hydiX)xy-3-phenylpropyl)-4- 
[2-(4-meflwne8ulphonylplienylsuIphonyl)efliyl]-piperidine (1.22g) in didiloromethane (20 ml) 
foUowed by methanesulphonyl chloride (0.0.33 g) and the mixture was stirred for 18 hours at 
room tempoature. The reaction mixture was washed successively with water (25 ml) and 
brine (25 ml) and dried. The residue obtained after removal of the solvent was 
chromatogr^hed on a 20g silica Bond Hut column eluted wifli a solvent gradient of ethyl 
acetate-20% methanol/etfayl acetate to give die tide compound, yield 0.73g, MH* 483.99. 
NMR(CDCl3) : 1.3 (m. 3H) 1.6 (m, 4H) 1.9 (m, 2H) 2.1-2.3 (m, 2H) 2.4 (m. 2H) 2.8-2.9 (m, 
2H) 3.1 (s, 3H) 32 (m, 2H) 5.0 (m. IH) 7.3 (m, 5H) 8.2 (m, 4H). 

N-(3-hydIoxy-3-phenylp^opyl)-4-[2-(4-methanesulphonylphenylsulphonyl)ethyl^piperi 



evaporated to dryness and the residue was dissolved in dichloromefliane (30ml) and this 
solution was washed wifli water (25ml), brine (25ml) and dried. Removal of the solvent gave 
the title compound as white solid, yield 1.21g, MH*^ 465.98. 

N-(3-oxo-3-phenylpropyl)-4-(2-(4-mefhanesulphonylphenylsulphonyl)etiiyl]-pipeiidine 




HQ 
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3-Chloropropiophenone (0.726g) was added to a mixture of 4-[2-(4- 
methanesulphonylphenyl8ulphonyl)ethyl].piperidine (1.3g) (pr^ared as described in method 
B) and potassium carbonate (1.09g) in DMF (20ml) and the mixture was stirred at room 
5 temperature for 1 hour. The reaction mature was ev^orated to dryness and iba residue was 
dissolved in dichlorometfaane (30ml). The dichlorometfaane solution was washed with water 
(25ml), brine (25ml) and dried. The residue obtained after removal of ttie solvent was 
chiomatographed on a 50g silica Bond Elut column eluted wife a solvent gradient of efeyl 
acetate-20% methanol/efeyl acetate to give fbs title compound as a white soUd, yield 1 .22g, 
10 Mir 463.97. NMR(CDa3) : 1.2-1.4 (m. 3H) 1.6 (m, 4H) 2.0 (m, 21^ 2.8 (m. 2H) 2.9 (m, 2H) 
3. 1-3-2 (m 7H) 7.4 (m, 2H) 7.5(m, IH) 7.9 (M, 2H) 8.2 (m, 4H). 

Method E 

(/?)-3-(3,5-Difluoic^»hen3d)-3-(4-mefeanesulfonylphenjd)propionaldehdye 

MeOgS, 

r II 




15 pr 

This was prepared from 55)-l-(3-[4-mefeanesulfonylphen3d]aciyloyl)-3,4- 
dimefeyl.5ijhenyl-imidazolidin-2-one and 3,5-difluorophenyhnagne8ium bromide using a 

• mefeod similar to that used to prepare (5)-3-phenyi-3-(4-mefeanesulfonyl- 

ft 

: phenyl)propionaIdehyde from phenylmagnesium bromide (Method A); NMR (CDCI3): 3.05 

V.-* ^ ^-^^ "^-"^ <*• ^-75 (m. 3H), 7.35 (d, 2H), 7.88 (d, 2H), 9.75 (s, IH). 

» * • 

* * * 

■ 

Method F 

(S) N-(3-hydroxy-3-phenylpropyl)-4-I2-(4-fluorophenylsulphonyi)efeyi]-piperidine 
25 Step 1 : (R or S) N-(3-chloro-3-phenylpropyl).4-[2-(4-fluoropheiqdsulphonyi)ethyi]-piperidine 
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Mettianesulphonyl chloride (1S8 was added to a solution of (S) N-(3-hydioxy-3- 
phenylpr<q?yl)^[2K4-fluorophenylsulplu)nyO^ (600 mg) and triefliylamine 

(417 ^1) in dichlorometfaane (10 ml) maintained at 0 ""C under an ai^on atmosphere. The 
5 reaction mixture was allowed to warm to room temperature and was stirred for 1 8 hours. The 
reaction mixture was diluted with dichloromethane (SO ml) and washed with saturated 
amonium chloride solution (2 X 25 ml) and hrine (25 ml) and dried. Removal of the solvent 
gave the title compound which was used without furttier purification. NMR: (CDCI3): 1.18- 
2.24 (m, 13H), 2.78 (m, IH), 2.84 (m, IH), 3.04 (IH. m), 4.92 (t, IH), 7.20-7.40 (m. 7H), 7.91 
10 (m.2H);MS424(MH*). 

Step 2: (S) N-(3-hydroxy-3-phenylpropyl)-4-[2-(4-fluorophenylsulphonyl)ethyl]-^^^ 




A solution of (S)-l-phenyl-3-(4-tpluenesulphonyl)oxypropan-l-ol (459 mg) in dioxane 
15 (10ml) was added to a suspension of 4-[2-(4-fluorophenylsulphonyl)e1hyl]piperidine (407 mg) 
and potassium carbonate (414 mg) and the mixture was heated at 95 **C for 1 7 hours. The 
reaction mixture was allowed to cool and was partitioned between dichloromethane (100 ml) 
and water (50 ml). The organic layer was collected and washed with water (50 ml), brine (50 
ml) and dried. Removal of the solvit gave the title compound, yield 607 mg. NMR: 
20 (CDCI3): 1.18-1.69 (m, 8H), L82 (m, 3H), 2.02 (m, IH), 2.48 (m, IH), 2.62 (m, IH), 2.93 (d, 
IH), 3.05 (m, 3H), 4.89 (m, IH), 7.21-7.40 (m, 7H), 7.92 (m, 2H); MS 406 (MH*), 

Example 6 

The ability of compounds to inhibit the binding of RANTES was assessed by an in 
25 vitro radioligand binding assay. Membranes were prepared from Chinese hamster ovary cells 
which e?qpressed the recombinant human CCR5 reenter. These membranes were incubated 
with O.lnM iodinated RANTES, scintillation proximity beads and various concentrations of 
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file conqmunds of the inv^ntitm in 96-weU plates. The amount of iodinated RANTEl^i^iiS^'* ^ ^ 
to the receptor was determined by scintUlation counting. Competition curves were obtained 
for compounds and die ccmcentration of conqiound which displaced 50% of bound iodinated 
RANTES was calculated QCgo). Piefened compounds of fonnula (I) have an IC50 of less than 
SO|jM. 

Example? 

The ability of conq>ounds to inhibit lbs binding of MlP-la was assessed by an in vitro 
radioligand binding assay. Membranes were prepared fix>m Chinese hamster ovary cells 
which ejqjTBssed ifae recombinant human CCR5 recqjtor. These membranes were incubated 
with O.lnM iodinated MlP-la , scmtillation proximity beads and various concentrations of the 
confounds of the invention in 96-well plates. The amount of iodinated MlP-la bound to the 
recq>tor was determined by scintillation counting. Competition curves were obtained for 
compounds and the concentration of compound which displaced 50% of bound iodinated 
MlP-la was calculated (IC50). Prefened compounds of fonnula (I) have an IC50 of less than 
50pM. 

Results from this test for certain compounds of the invention are presented in Table 
IV. In Table IV the results are presented as Pic50 values. APic50 value is Ae negative log 
(to base 10) of the ICja result, so an IC50 of IfiM (that is 1 x 10"^ gives a Pic50 of 6. If a 
compound was tested more tiian once then tfie data below is an average of flie probative tests 
results. 



TABLE IV 



Table Number 


Compound number 


Pic50 


1 


6 


6.91 


1 


8 


8.58 


1 


13 


7.9 


1 


16 


8.63 


4 


2 


8.8 


7 


2 


8.95 
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Scheme 1 

To prepare compounds of the invention, for example wherein is aiyl or C-linked 
piperidine. 



IV 



rV.^->s^n,.^ r' 

i Wittig reacti<ni (eg LHDMS, triefiijdphosphanoac^te) 

ii Catalytic hydrogenation (eg Ik, 10% Pd/C) 

iii Reduction (eg LAH) 

iv Oxidation (eg Dess-Martin oxidation) 



nth 

triacetoxyborofaydride) 



V reductive ammination with . (eg using sodium 
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Scheme 2 

To prepare CQmpoands of the inventioii, for example wherein R* is aryi or C-Knked 
pip^idine. 

OH IT 



iii 



1 




R^ 



Base hydrolysis (eg LiOH, MepH/H20) 

ii MeMgCl,R'MgBr,Et20 

iii reductive amination'^^ in presence of titanium tetia- 
isopropoxide (eg using sodium triacetoxj^rohydride) 



100887-2 SE 

JnK. I. Patent- oclirBg.VfflfkBl 
41 2CjJ -02- 2 4 

Schemes 

To prepare compounds of tiie invention, for exanq>le whoein R' is aryl, heteroaiyl, 
heterocyclyl or NR"C(0)R". 

R\ ^OH „i 



S in which L is an activated group, such as halogen, mesylate, tosylate or triflate. 



Sch«ne4 

To prepare compounds of the invention, for example wherein is aryl, heteroaryl, 
heterocyclyl orNR"C(0)R". 



o 



R'* O 



R'v 



/ 



10 



in which L' is a halogen, an activated ester oir a conqilex formed with a caibodiimide. 
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Scheme S 

To prepare compounds of the invention, for example wherein is NR'^C(0)R^^ 

i reductive animation (if is H can use sodium triacetoxyborohydride; if is alkyl 
can use titanium tetra-isopropoxide and sodium triacetoxyboiohydride) 

ii . Depiotection (eg TFA) 

iii anude bond foimation (eg acid chloride, active ester (wcarbodiinude mediated) 
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Schemes 

To prepare compounds of the invention, for example wherein is piperazine. 
OH OH J„ [2 1- HO^^^<v^N^ 

I" 



re 



5 i Conversion of an OH to a leaving group (eg tosyl chloride (I? is Tos3date) or mesyl 
chloride (L^ is Mesylate)) 

ii displacement reaction witih (eg in presence of triefhylamine) 

iii Mesyl chloride, DCM OX 

iv Displacement reaction with mono-protected piperazine (P is a protecting group) 
10 V Displacement reaction with R substituted piperazine 

vi Deprotection (TFA for Boc, hydrogenation for Cbz) 

vii Depending on R, ac>iation, sulphohylation, allq^ation, reductive amination 
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Schame6 

To prepare con^xninds of tiie invention, for exanqile i»ii»ein R' is aryl or piperidine. 



2Qu3 -02- 2 4 




R' O 





Hi 



* V ^ ^OH 



5 i 
ii 
iii 
iv 

V 

10 vi 




activation ofacid group and coupling wilhchiial auxiliary (eg SOCI2, ""^^^ ) 
1,4-addition of organocuprate (eg R^MgBr, Cu(OI, TMEDA, di-butylboron triflate) 
reduction (eg lithium aluminium hydride) 
Dibal 

Oxi<tetion (eg Dess-Martin reagent) 

reductive amination (eg with sodium triacetoxyborohydride) 
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Scheme 7 

To prepare compounds of the invention. 



rV 
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1 

ii 



activation via halide, tosylate, mesylate, triflate 
base catalysed displacement 



100887.2 SE IrtLtPStetft-OC 

46 

. CLAIMS 



1 . A compound of formula (I): 

(I) 



Rv 



5 wherein: 

A is absent or is {CHzhl 

is C,4, alkyi, C(0)NR'^", C(0)2R", NR^3C(0)R^ NR'^C(0)NR'^^^ 
NR"C(0)2R'^ heterocyclji (for example piperidine, piperazine, pynolidine or 
azetidine), ar>1 or heteroaiyl; 

10 R^^ R» R^^ R^* and R'^ are hydrogen or C,^ alkyI; 

R", R*^ R'^ r" and R'^ are C|.8 alkyl (optionally substituted by halo, hydroxy, Ci,6 
alkoxy, Ci-6 haloalkoxy, cycloalkyl (optionally substituted by halo), C5-6 
cycloalkenyl, S(Ci-4 alkyl), S(0)(Cm alkyl), S(0)2(Cm alkyl), heteroaiyl, aiyl, 
heteroaiyloxy or aryloxy), aryl, heteroaiyl, C3-7 cycloalkyl (optionally substituted by 

15 halo or Ci^ alkyl), C4-7 cycloalkyl fused to a phenyl ring, C5-7 cycloalkenyl, or, 

heterocyclyl (itself optionally substituted by 0x0, C(0)(C|-6 alkyl), S(0)ic(Ci.6 alkyl), 
halo or Cm alkyl); or R", R^^ R^"* and R^^ can also be hydrogen; 
or R**^ and R^ and/or R^^ and R*^ may join to form a 4-, 5- or 6-membered ring which 
optionally includes a nitrogen, oxygen or sulphur atom, said ring being optionally 

20 substituted by Ci.6 alkyl, S(0)i(C,^ alkyl) or C(0)(Ci^ alkyl); 

R^ Ci^ alkyU phenyl, heteroaiyl or C3-7 cycloalkyl; 
R^H or Cm alkyl; 
R"* is aryl or heteroaiyl; 
XisOorS(0)p; 

25 m and n are, independently, 0, 1 , 2 or 3, provided m + n is 1 or more, and provided that 

when X is O then m and n are not both 1; 

unless specified otherwise aryl, phenyl and heteroai>4 moieties are independently 
optionally substituted by one or more of halo, cyano, nitro, hydroxy, OC(0)NR^^^*, 
NR^R2^ NR^^C(0)R^, NR^^C(0)NR^^R2«, S(0)2NR^^3^ NR^'S(0)2R'^ 
30 C(0)NR^^R^\ C02R^^ NR^C02R^^ S(0)qR3^ Ci^ alkyl, Ci^ alkenyl, Cz^ alkynyl. 
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C3.10 cycloalkyl, Ct^ baloaBsyl, alkoxy(Ci^)a]kyl, Ci^ alkoxy, haloalkoxy, 
phenyl, pheayl(CM)a]l^l, phenoxy, phenylthio, pha^S(OX pheayiS(0)2, pben3d(Cu 
4)alkoxy, heteroaiyl, heteioaryl(CM)aIIg'l, heteroai^bxy or heten)axyl(CM)aIkox^ 
wherein any of Ifae inunediately foregoing phenyl and heteroaiyl moieties are 
5 optionally substituted widi halo, hydroxy, nitro, S(Cm alMX S(OXCm aOsyt), 

S(0)2(Ci^ alkyl), S(0)2NH2, S(0)2NH(Cm alkyl), S(0)2N(Cm alkyl)2, cyano. Cm 
allqrl. Cm alkoxy, C(0)NH2, C(0>NH(Cm alkyl), C(0)N(Cm alkyl)2, COaH, COzCC . 
4 alkji). NHC(OXCm alkyl). NHS(0)2(Cm alkyl). CF3 or OCF3; 
unless otherwise stated heterocyclyl is c^tionally substituted by Cm alkyl [optionally 

10 substituted by phenyl {which itself optionally sutetituted by halo. Cm all^l. Cm 

alkoxy, cyano. nitro, CF3, OCF3, (Cm alkyl)C(0)NH, S(0)2NH2, Ci^ alkylduo, 
S(0)(Cm alM) or S(0)2(Cm allgrl)} or heteroaiyl {whidi itself optionally substituted 
by halo. Cm alkyl. Cm alkoxy, cyano, nitro, CF3, (Cm alkyl)C(0)NH, S(0)2NH2, Cm 
alkylthio, S(OXCm alkyl) or S(0)2(Cm alkyl)}], phenyl {optionally substituted by 

1 5 hak>. Cm alkjd, Cm alkoxy, qwno, nitro, CF3, OCF3, (Cm alkyl)C(0)NH, S(0)2NH2, 

Cm alkylftio, S(OXCm alM) or S(0)2(Cm alkyl)}, heteroaryl {optionally substituted 
by halo. Cm alkyl. Cm alkoxy, cyano, nitro, CF3, (Cm alkyl)C(0)NH, S(0)2NH2, Cm 
alkylthio, S(0)(Cm aBgrl) or S(0)2(Cm alkyl)}, S(0)2NR'"*R'". C(0)R''^ C(0)2(Cm 
alkyl) (such as tot-butoxycaibonyl), C(0)2(phenyl(Ci.2 alkyl)) (such as 

20 benzyloxycarbonyl), C(0)NHR'*\ S(0)2R**, ^IHS(0)2NHR''^ NHC(0)R'^, 

NHC(0)NHR*^ or NHS(0)2R^", provided none of these last four substituents is linked 
to a ring nitrogen; 

k, I, p and q are, independently, 0, 1 or 2; 

R^^ R", R2^ R2^ R", r2», r3', R», r" and R'"' are, independently, hydrogen or Cm 
25 alkyl; 

R=", R", R2^ R28, R^, R'^ R3fi, R«, R^', R^l, r42 ^43 ^44 ^45^ r46^ r47 r48 

: are, independently. Cm alkyl (optionally substituted by halo, hydroxy. Cm alkoxy, Ci- 

6 haloalkoxy, Ca^ cycloalkyl, Cs^ cycloalkaiyl, S(Cm aikyl), S(0)(Ci^ aUcyl), 
:•- S(0)2(Cm alkyl), heteroaryl, phenyl, heteroaiyloxy orphenyloxy), C3.7 cycloalkyl, 

- : • 30 phenyl or heteroaryl; wherein any of the immediately foregoing phenyl and heteroaryl 

" : moieties are optionally substituted with halo, hydroxy, nitro, S(Cm alkyl), S(0)(Cm 

"/. alkyl), S(0)2(Cm alkyl), S(0)2NH2, S(0)2NH(Cm alkyl), S(0)2N(Cm alkyl)2, cyano. 

Cm alkyl. Cm alkoxy, C(0)NH2, C(0)NH(Cm alkyl), C(0)N(Cm alkyl)2, CO2H, 
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C02(Cm alkyl), NHC(0)(Cm alkyi), NHS(0)2(Cm alkyl), C(0)(Ci^ alkyl), CF3 or 
OCF3; and, 

r21^ r23. r25^ r2S^ r30^ r34^ p,35^ ^36 ^41^ ^42 ^A^ r44 r45^ j^46 ^ ^47 

additionally be hydrogen; 

or a phaimaceutically acceptable salt thereof or a solvate thereof. 

2. A process for preparing of a conq)oimd as claimed in claim 1 comprising: 

3. A phannaceutical composition which comprises a compound as claimed in claim! , or 
a phamiaceutically acceptable salt thereof or solvate Ifaeieof, and a pharmaceutically 
acceptable adjuvant, diluent or carrier. 

4. A compound as claimed in claiml , or a pharmaceutically acceptable salt thereof or 
solvate thereof, for use as a medicament 

5. A compound as claimed in claiml , or a pharmaceutically acceptable salt thereof or 
solvate thereof, in the manu&cture of a medicament for use in therapy. 



6. 



A method of treating a CCRS mediated disease state comprising administering to a 
patient in need of such treatment an efiective amount of a compound as claimed in 
claim 1, or a pharmaceutically acc^table salt thereof or solvate thereof 



100887-2 SB 



ii^ t RatenI- och r^vertet 
49 2003 -02- 2 i 

ABSTRACT 
CHEMICAL COMPOUNDS 



Compounds of foimtila (I): 

^ ^ ' (I) 



wherein R^ R^, R^, R'*, A, X, m and n ate as defined; compositions comprising fliem, 
processes for preparing ihem and fheir use in medical ttierapy (fixr example modulating 
CCR5 recqptor activity in a warm blooded animal). 



